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ABSTRACT 

A chemical vapor deposition process was developed for preparation of 

chromium metal  in dense, 

of 0. 01-micron thoria was only partially successful due to difficulties in 

feeding the fine powder. 

some ductility. Thermal  treatment at 2600 F resulted in recrystallization 

and some reaction of chromium oxide inclusions with the matrix. 

bulk form. Incorporation of a dispersoid phase 

The chromium metal was higher purity and showed 
0 
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I .  SUMMARY 

The objective of this program was to develop a process and 

a system for  producing high-purity chromium metal containing a thorium- 

oxide dispersion material .  The program consisted of two main tasks: 

0 Develop a laboratory apparatus for  
chemical vapor deposition of high- 
purity chromium metal in a dense 
bulk form; this entailed equipment 
design, assembly, testing, and sub- 
sequent development of parameters  
influencing deposition of pure chromium 
in rod form 

0 Adapt the system to the introduction of 
thorium-oxide powder during chromium 
deposition in  order  to produce a suitable 
dispersion mater ia l  

Though considerable difficulty was encountered i n  producing 

dense bulk deposits of chromium, 3/8-in.  dia x 4-in. length deposits could 

be made. 

Chemical and emission spectrographic analysis and electron 

micrography showed the chromium to be of high purity. 

ported by hardness values and the metal 's cold-working characterist ics.  

Hardness values ranged from 120 to 160 KHN (100-gm load); a 50 percent 

reduction in thickness could be achieved with only slight cracking around 

the edges of the specimen. 

This was sup- 

The addition of the dispersoid in  powder form presented 

several  problems. 

to the deposition zone sometimes was not possible o r  was e r r a t i c  because 

of plugging o r  packing of the powder in the delivery l ines.  The problem 

was somewhat improved but not completely resolved by rearranging the 

feed lines and gas flows. 

Controlled, uniform delivery of the thorium oxide 



Although considerable powder was brought into contact with the 

chromium deposit in  l a t e r  experiments, only a small  amount in  most  cases  could 

be detected in  the chromium. 

te r ia l  containing agglomerations of T h o  in  Cr .  

Other experiments resulted in  a low-density ma- 

2 

11. INTRODUCTION 

The increased performance demanded of mechanical systems 

invariably resul ts  in corresponding demands for mater ia ls  with improved 

properties.  In some instances, conventional metallurgical techniques and 

modest improvements have been sufficient to satisfy the property require- 

ments. 

mater ia l  systems have been the products of a new technology or of adaptations 

of a technology not common to the particular mater ia l  field. 

a r e  boron filaments produced by vapor deposition, TD nickel, and synthetic- 

diamond production. Thus, attainment of a significantly improved mater ia l  

may well depend on use of new, l e s s  "normal" technologies possessing the 

specifically required attr ibutes.  

It is significant, however, that the major developments of new 

Notable examples 

Improved mater ia ls  a r e  required to meet the demands for  

turbine buckets and vanes of advanced je t  engines. 

and development a r e  required for processes to provide dispersion-strengthened 

chromium alloys. 

strengthening approach (analogous to SAP o r  TD nickel) will provide a 

chromium alloy with strengths comparable to those of the better melted 

alloys but with improved low- temperature ductility. 

Additional research  

It is important to determine whether the dispersion- 

The s t r e s s  rupture strength targets  of these mater ia ls  for 

buckets and vanes a r e ,  respectively, 15,000 psi in 3000 h r  a t  2100'F and 

4000 psi in  3000 h r  a t  2400'F. 

in  short-time tension, l e s s  than room temperature;  in  impact, l e s s  than 300'F. 

Protective coatings are envisioned as a possible means of protecting these 

mater ia ls .  

The targets for transition temperature are:  

2 



The potential ability of chromium-based mater ia ls  to meet 

these goals is well-known; additionally, chromium has some inherent cor-  

rosion resistance.  

because of the inherent limitations of conventional techniques for mater ia l  

systems,  such as chromium and chromium alloys, which are  sensitive to 

intersti t ial  impurit ies.  

The ultimate goals have been difficult to meet, however, 

Chemical vapor deposition (CVD) techniques routinely control 

detrimental impurities to very low levels, so application of this technology 

to metallurgical systems could provide the specifically required attr ibutes.  

A f i r s t  s tep in  achieving a suitable material is selection and/or  

development of a process that will result  in  the desired ultra-fine particle 

s ize  and spacing of the dispersed phase. 

strength at high temperatures ,  the dispersed phase must  be stable. 

studies show that instability of dispersed oxide phases in  metal mat r ices  is 

associated with impurities; thus, the process must  be capable of producing 

the desired dispersed phase in  a high-purity matrix.  

Furthermore,  to achieve long-time 

Previous 

This program was designed to demonstrate the feasibility 

of chemical vapor deposition technology for  production of chromium of suf- 

ficient purity to have desirable mechanical properties and to introduce a dis- 

persoid uniformly into the metal. P rogram success  would indicate that CVD 

offers the potential of producing a whole new family of improved mater ia ls .  

This program represents a unique extension of CVD appli- 

cations based on production techniques now being utilized. The basic tech- 

nology of growing bulk material through CVD has been in  use for  m o r e  than 

10 years  i n  production of silicon semiconductor material .  

The capability of CVD processes  to build mater ia l  systems on 

the molecular level, i. e . ,  one atom at a time, means CVD inherently has 

the following unique characterist ics:  

3 



0 Theoretical density can be attained in  solid billet 
shapes during the growing phase, eliminating the 
necessity for secondary operations for the purpose 
of increasing density 

0 The ability to  provide precise  parameter  control 
gives the technique versatility in deposition rates ,  
s t ructure  , and alloy combinations 

0 Puri ty  associated with chemical vapor deposition is 
routinely maintained in the low ppm range 

In addition to these unique capabilities, the adaptability of CVD 

processing techniques to scale-up and large-  scale production is significant 

to this program and has been amply demonstrated in  the semiconductor 

industry . 

The program was conducted in four phases: 

0 Phase I - equipment design, development, 
and preliminary operation 

0 Phase I1 - determination of parameters  in- 
fluencing deposition of pure chromium metal 
in rod form 

0 Phase I11 - investigation of the formation of 
the desired microstructure in the chromium 
matr ix  

0 Phase IV - analysis to determine the product's 
microstructure ,  purity, and stability 

111. PHASE I, EQUIPMENT DESIGN AND DEVELOPMENT 

A.  REACTOR DESIGN 

The initial reaction-chamber design, shown in Figure 1, con- 

s is ted of two concentric quartz tubes held in place by O-ring sealed metal 

end caps. In the chamber between the two tubes was a charge of chromium 

4 



- Microquartz Packing 

c 

-Water-Cooled Electrode 

yExhaust 

p’ 

h- Filament 

Mic roquar tz Packing 

Inner Quartz Tube I 
Hydrogen Chloride 
Helium Inlet l i  Hydrogen Helium Inlet 

Figure 1. Schematic Diagram of Reactor 
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held in  place by microquartz packing. 

heated tungsten filament as a deposition site.  

on the end caps so the appropriate gases could be introduced into the de- 

s i r ed  chambers. 

The inner chamber contained a 

Gas inlets were provided 

A 

was passed over 

mixture of semiconductor grade HC 1 and purified helium 

2' the chromium (heated to 900' to 1000°C) to form C r C l  

After passing into the inner chamber through the ports shown in Figure 1, 

the CrCl  

chromium was to occur on the tungsten filament. 

and helium mixture was blended with hydrogen; reduction to  
2 

W a t e r -  cooled electrodes were provided to  prevent excessive 

heating of electrodes and end caps. 

Figure 2 shows the reactor in operation. 

Figure 2. Reactor in Operation 

6 



B. ELECTRICAL SYSTEM 

The electrical  system sketched in  Figure 3 ,  consisted of 

a recorder  controller in  connection with a saturable core  reactor  and 

stepdown transformer arrangement to control filament temperature.  

initial runs,  an optical pyrometer was used to observe filament temperature.  

Control of the outer furnace temperature  was monitored and recorded. 

In 

Figure 4 is a photograph of the filament controller, and 

Figure 5 is a photograph of the gas cabinet containing the furnace controller. 

C. GASSYSTEM 

Figure 6 i s  a diagram of the gas-handling system. 

Helium was purified by passage through a bed of titanium 

chips held a t  70OoC. 

Hydrogen chloride was used without purification. 

were used to measure gas flow rates .  

Hydrogen was purified by a palladium diffuser. 

Ball type flowmeters 

D. STARTING MATERIALS 

The following i s  a l is t  of starting mater ia ls  obtained and 

their manufacturings: 

Chromium metal United Mineral Corp. 

Tungsten rods Phillips Elmet Corp. 
(1/8-in. dia x 18-in. length) 

T h o  powder Vitro Laboratories 

(0.01 to 0.07 r~ . )  
2 
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Figure 4. Recorder Controller for Filament Temperature  

Figure 5. Control Cabinet Containing Gas -Flow System and Furnace Controller 
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E. PRELIMINARY EXPERIMENTS AND DESIGN MODIFICATIONS 

Seven experiments were performed to observe the system's 
:% 

controllability and to determine the necessary design changes. 

these runs,  only a light ( i f  any) coating of chromium resulted. 

apparent were  problems with proper gas-mixing delivery to the deposition 

site and deterioration of quartz tubes in  contact with liquid C r C l  

a sufficient amount of C r C l  

mained in  the generating chamber and, as a result ,  reacted with the quartz 

tubes. 

F r o m  

Immediately 

Although 2' 
was generated during the run, most of it re- 2 

To alleviate some of these problems, tube-design changes as 

shown in Figures 7 ,  8,  9 ,  and 10,  and gas-flow changes as indicated in 

Table 1 were  made during these experiments. 

tube design), four sets of four gas ports were used. 

f rom two experiments performed in this tube. 

growths resulted when the tubes shown in Figures 8 ,  9,  and 10 were used. 

Filament and furnace temperatures were  not changed so  that the effect of 

flow and tube design could be observed. 

As shown in Figure 7 (initial 

No deposit resulted 

Light coatings and needle 

Variations in  gas flow rate ,  direction of flow, and chromium- 

bed temperature were investigated in experiments 8 through 11. 

significant improvement in reactor  performance, experiments 12 through 19 

were  run using C1 

the p re s su re  of hydrogen from the 2HC1 t Cr-CrC1 

inhibiting t ransfer  of the chromium chloride. 

With no 

instead of HC1; the purpose was to determine whether 

t H reaction was 
2 

2 2 
This reaction could poten- , 

tially form some C r C l  as well a s  C r C l  Since C r C l  has  a significantly 
3 2'  3 

higher vapor p re s su re  and melting point, higher concentrations of chromium 

chloride could be moved to the filament and reaction of C r C l  

would be minimized if  the C r C l  were not reduced to C r C l  
3 2 '  

deposit usually appeared on the reactor wall, but no significant coating 

appeared on the filament. 

with quartz 

A chromium 
2 

.la -4- 

Table I ,  at the end of this report ,  summarizes  reaction conditions and results.  

11 
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e-Outer Quartz Tube 
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Entering Deposition Chamber 

-Inner Quartz Tube 

Figure 7. Initial Tube Design 

-Outer Quartz Tube 

-Inner Quartz Tube 

Filament 

-Gas Jets 

Figure 8. Second Tube Design 
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-Outer Quartz Tube 

-Inner Quartz Tube 

Filament 

Gas Je t s  

Figure 9. Third Tube Design 

G a s  P o r t s  to 
Deposition Chamber 

G a s  P o r t s  to _____f 

Chromium Chamber 

d Mic roquartz Seal 

Microquartz Seal 

25-mm Quartz Tube 

Chromium Chamber 

Filament 

Microquartz Seal - Outer Quartz Tube 

Inner Quartz Tube 

HC1, Helium 

Figure 10. Fourth Tube Design 
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A smal l  quantity of anhydrous CrCl  was obtained f rom 3 
Fisher  Scientific Company to continue the experiments in  which C1 

to form C r C l  a s  well a s  C r C l  With this material ,  seven experiments 

(25 through 3 1) were performed in  the reaction chamber shown in Figure 11. 

In experiment 25, a very light coating appeared a t  the lower end of the fila- 

ment; experiments 26 and 27 were performed a t  higher furnace temperatures 

in an effort to increase the flow of CrCl  into the deposition chamber, but 

only a light coating resulted from one of these experiments. 

28 through 3 1 were donewith a small  flow of chlorine mixed with the helium 

c a r r i e r  gas to prevent reduction of C r C l  before i t  entered the 

deposition chamber. Although CrCl  could be moved into the deposition 

chamber, no significant deposit was obtained. 

was used 2 

3 2 ’  

3 
Experiments 

to C r C l  
3 2 

3 

Because of the difficulties experienced in generating and 

controlling delivery of chromium chloride to the deposition chamber, the 

reactor design was modified a s  shown in Figure 12. 

chromium chips were contained in a quartz tube suspended from the top 

plate. C r C l  passed from the generating chamber into the deposition 

chamber through gas ports in the bottom of the tube. 

extended into the chromium bed fo r  better monitoring of the bed temperature.  

Hydrogen was mixed with the CrCl  

entrance ports .  

In this system, 

2 
A thermocouple was 

2 
approximately 1 in. below the C r C l  2 

This modified system was used for experiments 32 through 

46. 

in  a l l  other experiments deposits were made. 

coating of chromium obtained in experiment 36. 

in  a lighter but smoother coating a s  shown in Figure 14, and experiment 39 

produced a bulky but nodular deposit as shown in Figure 15. 

36 and 39 produced 2- and 3-gm/hr  deposits. 

In experiments 32 - 35 no deposits of metal were obtained; however, 

Figure 13 shows the smooth 

Experiment 37 resulted 

Experiments 

14 
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Figure 11. Reactor Design 
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Figure 12. Modified Reactor Design 



L 3" 

Figure 13.  Chromium Deposit, Experiment 36 

Figure 14. Chromium Deposit, Experiment 37 

c-.2" a 
Figure 15. Chromium Deposit, Experiment 39 
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Gas compositions and flow rates  were al tered in  experiments 

40 through 46 in an effort to obtain a more uniform coating and to maintain 

a reasonable deposition rate .  Smooth deposits resulted from experiments 

40, 44, 45, and 46, although deposition rates  were lower than in some other 

experiments. Roughandbulky deposits resulted from experiments 42 and 43 

because CrCl  liquid ran down the filament. 2 

IV. PHASE 11, PARAMETER INFLUENCING DEPOSITION O F  P U R E  
CHROMIUM 

The reactor design shown in Figure 16 was used throughout 

the remainder of the program with only slight modification. 

ments,  molybdenum shields were used in  the generating and deposition chambers 

to extend the life of the quartz tubes exposed to the liquid C r C l  One inside 

furnace, which was necessary in ear l ie r  experiments to augment the outside- 

furnace capacity, was la te r  removed and replaced with a la rger  external 

furnace. 

In l a t e r  experi- 

2' 

Phase I1 included experiments 47 through 91; many parameters  

were investigated. 

ra tes ,  concentrations, and operating temperatures were studied. Though 

rates  of deposition increased,  large numbers of needles or large crystals 

appeared on the upper region of the filament. 

shown in Figures 17 and 18 (photographs of experiments 55 and 56). 

In experiments 47 through 70 ,  combinations of gas flow 

Typical crystal  growths a r e  

The best se t  of run conditions from this s e r i e s  was obtained 

from experiment 69. 

a decrease in  filament temperature resulted in a smoother,  more uniform 

deposit a t  a slightly higher deposition rate.  

experiment 69. 

An increase  in flow rates  and furnace temperature and 

Figure 19 is a photograph of 

18 
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Figure 16.  Reactor Design 

19 



C R Y S T A L  G R O W T H S  
T H A T  A P P E A R  O N  
U P P E R  Z O N E  O F  
F I L A M E N T  (EXP. 55) 

Figure 17. Chromium Deposit, Experiment 55 
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NEEDLE- L I K E  G R O W T H S  
T H A T  A P P E A R  A T  U P P E R  
Z O N E  O F  F I L A M E N T  

( E X P E R I M E N T  56). 

2 1  Figure 18. Chromium Deposit, Experiment 56 



Figure 19. Chromium Deposit, Experiment 69 

Experiments 7 1  through 7 3  were conducted to observe the 

effect of HCl mixed with the H 

expected, the addition of HC1 improved the uniformity and texture of the 

deposit. 

flow on the texture of the deposit. A s  2 

Figure 20 i s  a photograph of experiment 7 1. 

Side experiments were performed to determine the filament 

temperature profile, since crystal  growths were more  predominant i n  

that a r e a  which was believed to be a t  a higher temperature .  

(without HC1) was made under the usual run conditions, and the filament 

temperature was measured. 

the filament and 8OO0C near  the middle were observed. 

an  experiment a t  a higher deposition temperature  yielded a profusion of 

needle growths. 

favored needle o r  crystal  growths of some type. 

growths which were beginning on the substrate  of the filament. 

A blank run 

Temperatures of 95OoC at the upper par t  of 

Subsequently, 

Removal of the HC 1 which had been added to the hydrogen 

Also noted were crystal  

22 



Figure 20. Improved Uniformity and Texture Obtained 
by Adding HC 1 to  Hydrogen in  Experiment 7 1 

Figure 21. Effect of Lowered Filament Temperature ,  
Experiment 85 

23 



Experiments 76 through 78 were conducted primarily to 

tes t  the effect of the dispersoid on the uniformity of the deposit. 

addition of the dispersoid to the substrate of the depositing chromium was 

expected to favor a more uniform polycrystalline coating by providing 

continuous nucleation s i tes  for crystal  growth. A1 0 

the chamber through the H 2 
continued to appear as before; the conclusion was that adding the dispersoid 

had little or no effect on the texture of the deposit, a t  least  in these experi- 

ments. 

The 

(0. 1 /A) was fed into 
2 3  

feed line a t  a rate  of 18 mg/min. Needle growths 

Since needle growth was observed to have begun on the fila- 

ment's substrate,  several  surface preparations were employed in  experiments 

79 through 83. 

0 The surface of the filament was sandblasted 
with little or no influence on needle growth, 
since sporadic growths appeared 

0 A sandblasted substrate and a physically vapor- 
deposited chromium film covering were applied 
so  that the vapor-deposited coating would be 
s tar ted on a smooth chromium substrate rather 
than on a tungsten substrate where needle 
growths might be favored; sporadic needle 
growths were still predominant 

In two subsequent experiments, the surface of the filament was sandblasted 

and a chemically deposited chromium coating applied; then, the needles that 

appeared on this filament were removed, the coating sandblasted, and a 

second coating deposited on the prepared substrate .  

ment resulted for either experiment. 

No significant improve- 

Although the ratio of C r C l  and H concentrations had been 
2 2 

varied over a wide range in previous experiments, three additional experi- 

ments were performed with lowered H concentration. 2 

2 4  



In experiment 83, the H concentration was held lower throughout 2 
the entire run; a very smooth needle-free coating resulted. 

tals appeared but, unlike those previously observed, were tightly bound to the 

filament. 

Figure 21 is a photograph of experiment 85. 

period of no more  than 3 h r  could be attained because of exhaust-line plugging. 

Successive runs on one filament were necessary to  obtain a la rger  deposit. 

Some l a rge r  c rys -  

In this 3-hr  experiment, a smooth but tapered coating was obtained. 

At these run conditions, a run 

Experiments 86 through 91 were conducted in  an  effort to  grow 

deposits of a l a rge r  diameter.  

coating from experiment 85. 

andthe rod inverted in  the next experiment to smooth the coating nonuniformity. 

A photograph of the 0.25-in. -dia rod is presented in  Figure 22.  

Experiments 86 and 87 were deposited on the 

Each experiment was run for approximately 3 h r  

Experiments 88, 89, and 90  were run on three different fila- 

Run ments to obtain a smooth initial-run deposit for a new se r i e s  of runs.  

89 was selected, and a run deposit with the filament inverted was made during 

run 91. 

runs 89 and 91. Filament s ize  was increased to 0 . 2 0  in. in dia. This filament 

was broken when i t  was being removed from the reactor ,  so  additional run 

deposits could not be made. 

Figure 23 shows the appearance of the filament a t  the conclusion of 

Figure 22. 0. 25-111. -Dia Chromium Figure 23. 0.2-111. -Dia Chromium 
Deposit (Experiments 85, 
86, and 87) and 91) 

Deposit (Experiments 89 
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V. PHASE 111, CHROMIUM THORIUM-OXIDE DISPERSION MATERIAL 

The gas  system employed in  the experiments which introduced 

There  were  the dispersoid into the reaction chamber is shown i n  Figure 24. 

slight modifications s o  that a vibrator powder feeder could be used to me te r  

the thorium-oxide powder. 

experiments) were  used to c a r r y  the powder to the deposition s i te .  

Helium, hydrogen, and argon gases  (in later 

In initial experiments 92 through 100, only small quantities 

of thorium oxide could be delivered to the deposition chamber.  

and plugging in the lines were  severe.  

l ines resulted i n  a s l i g h t  improvement in experiments 101 through 109; how- 

ever ,  radiochemical analysis of the deposit indicated less than 0. l percent 

thorium-oxide content. 

on the upper portion of the filament. 

shown in Figure 25. 

of granular mater ia l  for  a tes t  sample,  a portion of the mater ia l  was pressed 

into a tablet as shown in  Figure 26. Surface roughness due to small  voids 

in  the tablet prevented the stripping of a replica for electron micrographic 

examination. 

Packing 

Rearrangement of the powder delivery 

A low-density or crystalline growth usually appeared 

A typical spongy or granular deposit is 

To study particle distribution and to  evaluate the use 

Because of the inability to obtain a chromium thorium-oxide 

mater ia l  in the system described in ear l ie r  experiments, design changes in  

the powder-feed system were made, as shown in  Figure 27. In this arrange-  

ment, thorium-oxide powder was driven down into the deposition chamber via 

a tube extended through the C r C l  generating chamber. Experiments 110 

through 130 were  conducted in  this system with results similar to those with 

the previous design. 

2 

A 1-in.-dia disk, mounted with the surface perpendicular to 

gas flows, was used in  experiments 110 through 129. 

settling surface area for  the thorium-oxide particles. 

This provided a l a rge r  
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Figure 25. Typical Spongy Chromium Deposits Containing 
0.45 V / O  of Tho 
periments 103 through 113 

Found on Specimens of Ex- 
2 

Figure 2 6 .  Spongy Chromium Material before and af ter  
Press ing  into Tablets 
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I Powder Feed Tube 

Chromium Bed 

De po s i ti on Surface 

Figure 27. Reactor Design 
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A typical low-density deposit i s  shown in Figure 28, and a 

high-density deposit i s  shown in Figure 29. 

Deposits from experiments 110, 117, and 125, analyzed by 

wet chemical analysis,  contained a la rger  amount of thorium oxide (as in- 

dicated in  Table I1 ). The deposit from experiment 117 was used for  electron 

mi c rog raphi c examination. 

In final experiments 130, 1 3 1 ,  and 132, a tungsten filament was 

used to build up a 3/8-in.  -dia x 4-in. -long deposit suitable for testing. 

sample was sectioned for temperature exposures and electron micrographic 

examination. 

This 

VI. PHASE IV,  PRODUCT EVALUATION 

A. CHEMISTRY 

Representative samples were analyzed for carbon, sulfur, 

nitrogen, oxygen, and hydrogen. Combustion chromatography was used 

to determine carbon and sulfur content; vacuum fusion was used to determine 

nitrogen, oxygen, and hydrogen content. 

Emission spectroscopy indicated t race  quantities of i ron,  nickel, 

and aluminum (Table 11). 

X-ray analysis of residue from a digested sample showedthepres- 

ence of T h o  and C r  0 with additional lines indicating other chromium oxides. 
2 2 3’ 

B. 4-SPECIMEN STABILITY TEST 

An iner t  atmosphere furnace was used to perform the 

4-specimen stability test .  

graphically polished, and hardness measurements were performed before 

and after exposures (Table 111). Figure 30 is a typical hardness measurement 

performed before and af ter  exposure. 

A cross-section of each specimen was metallo- 
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Figure 28. Top View of Disk at Completion of Experiment 121 

Figure 29. Top View of Disk at Completion of Experiment 115 
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Figure 30. Hardness Measurements before (Top) and af ter  (Bottom) 
Temperature Exposure (2400'F for  10 h r )  

32 



Figure 31 is a n  electron micrograph of a specimen before ex- 

posure showing evidence of dispersoid. 

micrographs of the samples after a 100 hr.  2600'F exposure. 

the large islands shown appeared t o  be particles that had migrated into a n  

agglomerate of some material, such as an  oxide, which has reacted with the 

matrix. 

growth cycles. 

did not detect evidence of thorium. 

sulting f rom start up o r  shut down in successive runs is evident in  photomicro- 

graph shown in Figure 30. 

Figures 32 and 33 are electron 

In Figure 33, 

These areas occured only at the interface line between successive 

An electron microprobe analysis of that area of the specimen 

Some contamination in  the interface re- 

Figure 34 is a n  electron micrograph of T h o  powder used in  2 
the program. 

C. CONCLUSIONS 

The process  of chemical vapor deposition has shown feasibility 

Samples to 3/8-in. dia x for  deposition of pure chromium metal  in  rod form. 

4-in. -length were prepared. 

The chemical analysis shown in Table 4 indicates that the tar- 

get-level purity for the chromium metal w a s  obtained for all elements; the 

purity level of the chromium is corroborated by hardness and room-tempera- 

tu re  workability. 

dispersoid stability . 
This purity could be significant in improving long-term 

Efficiency of the process  measured as the ratio of chromium 

transferred as the chromium chloride to the weight of the chromium deposited 

on the filament w a s  11 percent. 

1.5 gm/hr .  

Deposition rates were ordinarily less than 

Inclusion of the thoria in the chromium matrix was accomplished; 

however, gas entrainment. metering the powder uniformly remained a problem 

throughout the program. A more  stable system is needed. 
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Figure 31. Electron Micrograph of Specimen before Exposure 
Showing Tho Par t ic les  (1 1,000 mag) 

2 
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0 
Figure 32. Electron Micrograph of Specimen af ter  l O O - h r ,  2600 F 

Exposure( 11,000 mag) 
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Figure 33 .  Electron Micrograph of Contamination in  the Interface 
of the Specime'n( 11,000 mag)  
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Figure 34.  Tho Par t ic les  (at  75, 000 mag) 2 
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The inability to obtain the desired microstructure  is attributed 

There is no evidence indicating that this 

obtaining the microstructure  i f  a solution 

mainly to powder-feeding problems. 

process  would not be satisfactory 

to the feed problem were obtained. 

Maximum thermal  treatment of 100 h r  at 2400°F and 2600'F 

resulted in some change in the microstructure  of the deposits containing some 

thoria. 

The areas of interaction as depicted in  Figure 33 were  observed 

A green, presumably at the "growth rings" caused by stopping and restarting. 

oxide material, w a s  observed in  these areas which was undoubtedly chromium 

oxide. 

is observed to resul t  f rom reaction of chromium and chromium oxide during 

the thermal treatment. 

but result f rom the small s ize  of the experimental equipment. 

The electron microprobe data supports this conclusion as little thorium 

These "growth rings" are not inherent in  the process  

The thermal  treatment caused a recrystalization to occur in the 

samples,  and the mat r ix  a r e a  away from the "growth ring'' was identical in 

hardness with the unheated material;  indicating no interactions had occurred. 

D. RECOMMENDATIONS 

Emphasis needs to be placed on obtaining reliable 
control on the powder to be entrained in  the mat r ix  
and on methods of delivering the powder to the 
deposition site. 

The process  should be developed so that a sufficient 
quantity of pure chromium (1- to 2-lb lots)  can be 
produced to permi t  the study of process  economics 
and efficiency. 
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Table I 

RUN CONDITIONS 

128 

13 

0.075 8.0 - 4.0 1200 850 30 - No deposit  

0.150 8.0  - 4.0 izno 850 60 - 15.7 No deppsit 

* Except in runs I Z A ,  128, and I 3  which are CI 

I Except i n  run 20 which i s  HCI 

** Base o f  f i l a m n t  
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Table I (Contd) 

*; Except in runs 32, 33. and 34 which are HCI 

** Experiments use CrCi3 as a starting material 
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Table I (Contd) 

46 

47 

48 

0.30 3.0 1.0 3.0 1200 950 45 0.20 4.0 19.0 - L ight ,  srmoth deposit 

Rough, dark-colored 
0.30 3.0 - 4.0 1200 950 60 2.85 44.0 29 deposit 

L ight ,  dark-colored 
0.25 2.0 - 4.0 1200 900 60 I 50 25.0 15 deposit 

54 

55 

Very smooth, uniformly 
1000 60 1.2 20.0 21.0 d i s t r i b u t e d  deposit 0.25 3.0 - 3.0 - 

Profusion o f  crysta l  s 
i n  upper region 0.25 3.0 - 3.0 - 1000 180 7.2 40 42 

41 

57 

58 

59 

60 

61 

62 

C r y s t a l l i n e  upper region; 
0.25 4.0 i 3.0 65 1000 180 3.75 21 44 smooth lower reaion 

Smoother, w i t h  d is-  
37 colored appearance 0.25 3.0 - 3.0 65 1000 180 4.05 23 

0.25 3.0 - 3.0 75 1000 90 2.55 28 22 Reasonably smooth 

Smooth but tapered 

Large crysta ls  a t  top 
but smooth and uniform 
i n  lower region 

Crystals a t  top, w i t h  

0.25 3.0 - 3.0 75 1000 180 3.20 10 32 deposit 

0.33 4.0 - 4.0 75 1000 285 12 42 92 

0.25 4.0 - 4.0 75 1000 300 11.0 37 75 smooth lower region 



Table I (Contd) 

64 

65 

66 

67 

68 

69 

0.33 4.0 - 4.0 75 1000 180 1.65 7 67 - Liqht but smooth derrosit 

0.33 4.0 - 4.8 75 1000 180 6.0 33 60 - S m t h .  discolored deposit- 

0.25 4.0 - 4.0 75 1000 180 4.7 26 65 - Smooth, discolored deposit 

Needle g r w t h s  over most 
0.29 4.0 - 4.0 75 IO00 360 13.1 36 70 o f  deposit 

Crystal growths over m s t  
0.225 4.5 - 4.5 75 1000 240 7.8 30 so of dews i t 

0.33 4.5 - 4.5 75 1000 210 7.3 35 65 Smooth, sporadic crysta ls  

I Smsoth but tapered 

Smooth deposit but 
sporadic c r y s t a l  

Srmoth lower por t ion;  
large crysta l  i n  

71 0.33 4.5 0.033 4.5 75 1000 180 7.55 42 55 coating 

72 0.33 4.5 0.015 4.5 75 1000 180 5.7 32 55 I growth 

73 0.33 4.5 0.033 4.5 85 IO00 180 6.2 34 55 1 upper p o r t  i On 
Sporadic c r y s t a l  

growths; deposit 
d 1 sco I ored 

Profusion of  

74 0.33 4.5 - 4.5 75 1000 180 6.75 38 62 

75 0.33 4.5 4.5 100 1000 180 6.55 36 50 cry s ta 1s - 

Discolored appearance; 

76 0.33 4.5 4.5 75 1000 120 3.0 25 45 2 small c rysta ls  
- 

,’ I .  H C l  added t o  H2 fla, 
2. Dispersoid added a t  18 mg/min 

1 .  Oispersoid added a t  18 mglmin 
2. Number 2 and f i l a m n t  sandblasted 
3. Number 3 and chromium evaporated [P .V.D. )  onto sandblasted filament 
4. Sandblasted f i l a m n t  
5. 
6. 

Crystals removed from run 81. sandblasted, and rerun 
HZ concentrat ion lowered t o  2.0 I /min for 30 min and then returned t o  4.5 I/min 
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Table I (Contd) 
* 

y snaoth needle- 

.- 1. Fiiamnt inverted and rerun over previous run 

RUN 
NUHBEf - - 

gl 

92 - 
9 3  

94 

- 

- 
95 - 
96 - 
97 - 
il I .  

2. 
3. Filament inverted and rerun over previous run 

Dispersoid (submicron ThO2) added 
Two L?/min of helium added to H 2  f l o w  

104 0 . 3 3  4.5 0.033 2.0 36 1000 120 4.20 35 40 0.02 

Clean deposit; no 

Crystais in lower 

Specia I 

tondi t ion DESCRIPTION 
OEPOSIT 

I 

I 
l , Z  Rough nodes 

- Slight crysta l  grarth 

- Numerous crystals 1 Nom;;;;: 

Spongy. low-density 

Spongy. low-density 
depos i t 

+ 1 .  
2 .  

Dispersoid (submicron ThOZ) added 
T w  P/min of helium added to H2 flow 
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Table I (Contd) 

DEPOS I T  

Spongy. l o w d e n s i t y  
depos i t  

SmDoth d e w s  i t  

S w a t h  depos i t ;  powder 
d i d  no t  feed 

Spongy, l a w d e n s i t y  
depos I f 

Spongy, law-densi ty 
depos I t 

Spongy, l o w d e n s i t y  
depos I t 

No depos i t  

:: I. I P / m i n  o f  A r  added t o  powder feed 
2. No Tho2 used i n  t h i s  experiment 
3. I - i n  d i a  d i s k  used a5 depos i t ion  s i t e  
4 .  Disperso id  (submicron Tho?) added 

Chromium 
Rate Converted Tho i n  
O f  TO Chrfrnium Special  
Deposi t  C r C i  Deposi t  Run DEPOS IT  
(MGlt l in )  (GVS? (%) Condit ion^ DESCRIPTION 

Spongy, I - -densi ty 

nse, c lean depos i t  

. I .  I h i n  of ~r 
2. 1/2 e lmin  o f  A r  
3 .  I - i n  d i a  d i s k  
4. At 0 used ins tead o f  ThoZ 2 3  
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Table I (Contd) 

1 .  1 e/min Ar used i n  powder feed 
2. I/Z !/mi” A r  used i n  powder feed 
3 .  I - i n  d i a  disk used as deposit ion s i t e  
4. Powder feed changed 
5 .  150 c d m i n  A r  used i n  powder feed 

IO00 6.6 

~ 

60 

Special 

Condition.* DESCRIPTION 
DEPOS I T  ;j 1 Cle; de;#t , 

Cle n de o s i t  

Rou h de o s i t  

Clean de os i  t 

Very clean, smoth 
3 . 4 . 6  deposit 

Very clean, s m o t h  
~ ,3A,5.6 ~ depos i t  1 Clean. w i t h  crysta ls  on 

3,4,5,6 the surface 

I .  Deposition surface i s  a d isk 
2. 200 cc/min A r  powder feed f low 
3. Deposition surface i i  a f i l a m n t  
4. 150 cclmin R r  powder feed flow 
5. Filament from previous experiment inverted and rerun 
6. 500 cc/min He added t o  powder feed f l o w  
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Table I11 

HARDNESS MEASURE ME NTS 
AFTER TEMPERATURE EXPOSURES 

Sample 
No. 

1 

2 

3 

4 

Ex 
Time 
(hr) 

100 

100 

10 

10 

sure 
Temperature 

(OF) 
2400 

2600 

2400 

2600 

JSnoop Har 
(100 gn 

Before 
Exposure 

145.2 

169.9 

136.8 

159.3 

131. 5 

134.1 

134.1 

136. 8 

134.1 

131. 5 

136.8 

134.1 

136.8 

126.7 

168.1 

139. 5 

156.0 

136.8 

139. 5 

134. 1 

134. 1 

129.1 

157.6 

168.1 

157.6 

151.2 

139.5 

139.5 

145.2 

122.0 

156.0 

117.6 

145.2 

148.2 

139.5 

139.5 

ess  No. 
load) 

After 
Exposure 

134. 1 

126.7 

124.3 

105.7 

122.0 

107.6 

136.8 

126.7 

113.5 

119.8 

119.8 

119.8 

131. 5 

113.5 

139.5 

129.1 

124.3 

134.1 

124. 3 

126.7 

122.0 

131.5 

129. 1 

131.5 

131. 5 

124.3 

145.2 

119.8 

122.0 

115.5 

109.5 

117.6 

117.6 

117.6 

117.6 

124.3 
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